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WATER AND ELECTROLYTE BALANCE AFTER 
ALCOHOL INGESTION 


REVIEW OF THE LITERATURE 

It is now a well established fact that ethyl alco- 
hol is a potent diuretic agent, acting by the inhibition 
of the release of anti-diuretic hormone (ADH) (1, 2). 
Van Dyke and Ames (2) have demonstrated that a rising 
level of ethanol in the blood is necessary for diuresis 
to oceur and that the inhibition of the release of ADH 
ceases when the ethanol level declines, If the alcohol 
level of the blood is then caused to rise again another 
diuresis will ensue, but of lesser magnitude than the 
first. Inhibition of the release of ADH can be caused 
by minute amounts of ethanol; Van Dyke and Ames (2) in- 
jected ethanol directly into the carotid arteries of 
dogs in small quantities and obtained the characteristic 
diuresis. The work of Kleeman, Rubini, Lamdin and Epstein 
(1); Strauss, Rosenbaum, and Nelson (3, 4)3; and Rubini, 
Kleeman, and Lamdin (5) has shown that there is probably 
no effect on the glomerular filtration rate since there 
is no alteration in the rate of creatinine clearance; 
the effect of ethanol, then, is an inhibition of the 
ability of the renal tubules to reabsorb water. The 
work of Kleeman et al (1) and Strauss et al (i) has 


shown that ethanol does not neutralize circulating ADH. 
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There have been few studies of the water and 
electrolyte changes which accompany a water diuresis 
caused by ethanol; among these considerable disagree- 
ment exists. In the studies of Rubini et al (5) and 
Nicholson and Taylor (6) a marked decrease in the 
absolute amounts of sodium (NA), potassium (K) and 
chloride (Cl) excreted was found. In the experiment 
of Rubini et al (5) the subjects were in the semi- 
recumbent position. In the experiment of Strauss et 
al (lL), with the subject in the sitting position, the 
only change in the urinary pattern was a diminution 
in the output of Ke. Rubini et al (5) suggest that 
the difference in the results lies in the difference 
of position. Further work by Strauss, Davis, Rosenbaum, 
and Rossmeisl (7) has shown that when a diuresis is 
initiated in a recumbent subject by the infusion of 
isotonic saline it is terminated or diminished by 
assuming the upright position; it was also found that 
a diuresis in the sitting position is smaller when 
initiated in that position. These last two statements 
also pertain to the concomitant excretion of Na. The 
effect of position on an alcohol diuresis has not yet 
been defined so that comparisons of these two studies 
are not valid. In the experiment of Rubini et al (5) 
we are not informed of the composition or the uniformity 


of the meal which the subjects ate the morning of the 
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experiment, this might influence the subsequent re- 
sponse to ethanol as reflected in the urinary output 
ef Na, Gl and K. 

The experiments of Kleeman et al (1), Strauss et 
al (4) and Rubini et al (5) revealed no changes in the 
serum levels of Na, Cl, K, and osmolarity. Since there 
were no changes, which would reflect changes in the 
extracellular volume, it was assumed that all water 
loss during an ethanol diuresis comes from the intra- 
cellular space. Again, in the study of Rubini et al 
(5), the inadequate control of electrolyte intake might 
explain the lack of changes in the serum electrolytes. 
A study by Lolli, Rubin, and Greenberg (8) found an 
increase in the extracellular space following ethanol. 
Since this work used rats as experimental subjects, the 
results cannot be extended necessarily to humans. Alco- 
hol was administered as a 50% solution orally and intra- 
venously in a dose of to 5 grams per kilogram, far in 
excess of the amount that human subjects would tolerate. 
Nicholson and Taylor (9) using dogs and one human sub- 
ject found an increase in plasma volume both absolutely 
and in terms of body weight. Nicholson and Taylor 
reasoned that this was caused by the increase in Na 
and Cl which osmotically drew water from the cells and 
interstitial spaces. Since an increase in the level of 


Cl occurred it must be assumed that initially there was 
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a fall in extracellular volume. Senda (10) also found 
that the oral ingestion of ethanol caused a rise in the 
Cl levels. of the serum. 

Rubini et al (5) found an increase in the titratable 
acid and ammonia in the urine as well as a fall in the pH 
of the serum following the ingestion of ethanol; this 
was felt to be a combined respiratory and metabolic 
acidosise 

Relatively little is known about the changes which 
occur during the hangover or recovery period; most of 
the detailed studies deal only with the period of acute 
alcoholic intoxication. The cause of the subjective 
phenomenon of hangover remains unexplained, Nicholson 
and Taylor (6) found that there was an increase in the 
levels of serum K after ethanol intoxication. Some of 
the changes were very large and it was reasoned from 
these data, knowing the effects of hyperkalemia, that 
the elevated serum K was the cause of the hangover. 

The determination of K was performed with a method 
which does not possess the reliability of the present 
flame photometric method. How many subjects were used 
is unknown. No attempt was made to control activity 
and position. The wide variations in the findings (for 
instance see Table 4 which lists electrolyte balance) 
seriously immir the conclusions drawn. The assumptions 


concerning the direct effect of ethanol on the renal 


eldatecdi¢ ocd at oasetent as Sevot (ay # ‘te ideal 
ey; Ord Was 


“Ho eft af {fel s as Ilew as eri bess oats ab “arcana “s rs 


etdd piorsAte to moldaomert odd ard 1 of. ? ! 
oifodstem re alicraatie i> beer tdinoa oo od 1 oF sano F | 
doitiy eeseero oft tuods mwomd ef olddht vat” Re 
to daom thoiasy yusvooss to covopred edt oiteub rap | 
etos To boiteg edd Ad iw zine fseb aotbete ‘pettedeb outs 
evidoetdye édt to easso edi” snoliastxotat otfod ofe 
soatofoit ,benisfoxnonmy eafenet “ror opal to " nosten ) 
edt ak exsensnt os aaw oxetit: dgcit bao (8). | 2 
to ono® snoldsotxeint fonsdte- meee Pit nina 26 ahora ; 
mort? Hohoaset aaw ti bas ogtal wuev oxew pegnedo ¢ 
sedd 4~Sintelsaveqyd ‘to atoe'i'te ont getkwennl: stab: aa 
.tevogaed etd to exuso edt ssw “Hausen. botevele sto ‘ 


enottqmuvacs oat saweth ers | 
| facet ond m0 ons seid Fen ie i: 
; Dy " aa 


q yey ot ( 
i Br Hy 45 ir lee ae we 
‘ “ mi th we Siiuea yy: 
Th r pe" iy 


tubule have since been proven to be in error. Using 
flame photometric methods, Lester and Greenberg (11) 
checked the serum K levels of 30 acutely intoxicated 
subjects, all of whom had been drinking steadily for 
a week or moree At no point during intoxication or 
during the days that followed was any alteration 
found in the serum K levels. The carbonic anhydrase 
inhibitor, acetazolamide (Diamox ), which promotes 
the excretion of K proved to be of no clinical value 
in treating hangover. 

There is, then, no recent study of the hangover 
period, and there is considerable disagreement among 
the studies which deal with the period of acute alco- 
holic intoxication. The present study was therefore 
undertaken with the purpose of re-examining, under 
rigorously controlled conditions, the effects of in- 
gesting ethyl alcohol on electrolyte balance and water 
balance. The duration of the experiment was selected 
as 2l hours so that both the period of intoxication and 


hangover might be studied. 


EXPERIMENTAL DESIGN 

The subjects were five medical students, four male 
and one female, with no known kidney, cardiovascular or 
electrolyte disorders. The subjects were instructed to 


abstain from alcohol for three days prior to the day of 
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the experiment. All of the subjects were accustomed 
to moderate alcohol intake. Beginning the morning of 
the day before the experiment each of the subjects 
collected a 2h-hour urine sample. They were allowed 
to eat a regular diet prior to the time of the experi- 
ment. On the night before the experiment the subjects 
were instructed to drink two glasses of water before 
retiring; after that time they were to have nothing to 
eat or drink until they arrived at the laboratory. Thus 
they were presumed to begin the experiment well hydrated 
and in a normal state of fasting electrolyte balance. 
The experiment began between 8:00 and 8:30 A.M. and 
was 2h hours in duration. The subjects were not per- 
mitted to smoke during the experiment. They assumed a 
sitting position which was maintained throughout the day 
except to rise to be weighed and void urine specimense 
They spent the night at the laboratory sleeping ina bed 
provided for them. Sleep was permitted during the day, 
but only in a sitting position. Initially the subjects 
voided any remaining urine into the 2li-hour sample. They 
were then weighed on a Toledo scale and then balanced on 
a metric scale which was used to follow weight changese 
A fasting blood sample was then drawn, Thereafter at 
each testing period the following measures were taken in 
order: 1) urine was voided, 2) a blood sample was drawn 


and 3) the subject was rebalanced. The blood samples were 
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drawn under oil by venepuncture with stasis and immed- 
iately centrifuged without anticoagulation; the serum 
was removed and refrigerated in sealed polyethylene 

test tubes. The urine samples were measured in a 250 
ml. volumetric cylinder and a portion refrigerated in 
stoppered glass vials. The times at which the measures 
were taken are listed in Table A. The subjects were not 
permitted to drink during the half-hour before a measure 
was taken. It is assumed that 30' is sufficient time 
for water to be completely absorbed; in this way all 
water would be in one or the other of the body water 
compartments and not pooled in the stomach or bladder. 
It is further assumed that any weight changes, corrected 
for solid balance, are direct reflections of total body 
water changes as long as pooling is ruled out. 

On the alcohol day each subject was given 2.5 ml/kg. 
of a 90.4. proof Canadian whisky. The whisky was given in 
three equal portions with a half-hour to drink each portion. 
For the first two subjects this was given as a 1:1 mix- 
ture with water. Since gastritis presented a problem 
the last three subjects received whisky mixed 1:2 with 
water. There was no vomiting. On the control day each 
subject received an isocaloric amount of dextrose in an 
identical quantity of water, including the water present 
in the whisky. Thus the water of metabolism could be 


assumed to be identical on both days. 
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After the weighings at 5 and 9 hours, four subjects 
had their meals. The meals were identical noon and night, 
alcohol and control days. With one subject there was a 
problem of nausea so that his meals were deferred one 
period later on both days. The alcohol was given first 
so that any untoward events, such as this, could be 
matched on the control day. The meal was chosen for 
its easy and relatively accurate reproducibility. It 
was prepared in the laboratory and was consumed com- 
pletely by the subjects. Table B details the diet and 
its analysis. 

During the first period the subjects were allowed 
to drink only the alcohol and water or the dextrose 
solutions; during the second period they were not per- 
mitted to drink. It was assumed that the diuresis would 
terminate by the end of the second period, a suppos- 
ition which proved to be true in anly two of the five 
instances. Beginning with the third period they were 
permitted to drink ad lib, with the restriction prev- 
iously noted. Starting with the third period water in- 
take on the control day was not matched with the alco- 
hol day. This afforded an opportunity to study thirst 
in a normal period and after a diuresis. At night the 
subjects had their last water just before retiring; 
they were then instructed to have nothing further to 


drink until after the final morning measure was taken. 


etvooid ua tol . aurodd ae ‘brs. Bier ane 


wigin brs roor tag iagbiy ocow, afeon ett ofn ait: yf 
8 aew stodd toogfdue oto ad Bit -ayab the heli bm Letoage: 
emo bervelteb stew eLeom ete: tends oe seapac. to mecdong 
dervit o sovis 2ew Lonioo ta eat 98 YSh dtodd ao. sedeL bolaeg 

ed bios seta as iowa .aoove baswodesy ws dacte-on 

rok 18 aoris aew Saom ost «%Sb foudmos ont ao bedodam 

tL 4 t Lif if tox Boagase oisuvoos Ylev ttelex ie Yaso abt 

~moo bomrenog sew bas prod stodail ertt of osmeerey pe i 


bus teib edd elisteh | ofdel .etoefdoe a iii | 


bewolls etew adootdue exit bode counsel isis 

“horaEn ent, to tesew Brus Lodeols ogg Yino ste beb a 
-teq ton erow youd Hokssq Srooes ont ‘Sabiub toltyLoa — 
Sigow alecun ib eds darts Some ne aew dL einkeh: of betta 
se00qne & ,bol rom hones ad to ‘bao edt yd od satmred 
evil ort to owd eins: Pet ond ed OF bovorq ili | 

etew, Yeds botred bata odd Adio anion iged — 
“ver fottoiitess eda’ cfd to EE bs ‘astiab an od 
-al, tedsw boixea bates sett damm aerate shader oatod 


-ools ont sftiw Dedodarr oct (eBw ysb. Aomttost att eae 
dere bok woud a od wind xeage a 2 bebsolte, LAG Na 
ent Sota ire dA + oleoarth a wee bas dabiinehe 

iuetabios ouolod ee 93 A apl 


«ftede t acw eter ou 5 me 


ise F ey 


In this way the subjects would have time to attain a new 
fasting balance which would reflect whatever changes had 
occurred as a result of the previous day's intake and loss. 
The ad lib water intake was recorded electrically. 
Water was dispensed through a solenoid valve froma 19.5 
liter reservoir. The reservoir was left at a constant 
distance above the valve and filled to a pre-set mark at 
the start of each session. Its flow was calibrated as a 
function of the amount of water used so that any variations 
in flow due to diminishing pressure head would be taken 
into account. The device worked in the following manner: 
(See Figure A). The subject pressed a foot switch which 
activated, simultaneously, a solenoid valve and a 2 RPM 
snychronous timing motor. The motor was mechanically 
connected to a continuous rotation precision potentio- 
meter. The output of the potentiometer was then applied 
to a Leeds and Northrup Speedomax recording millivolt- 
meter, on which the paper moved at 6" per hour under the 
recording pen; the time of water consumption could be 
read to the nearest minute while the volume consumed. could 
be read to within 3 ml. The subjects were instructed to 
take only as much water as they wanted and to drink all 
of it, being careful to spill none since the record could 
not take this into account. The device proved .to be an 
extremely accurate and convenient means for obtaining a 
pecnaae record of water intake, especially since it 


does not require the presence of the experimenter. 
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Table B - MAL COMPOSITION 


8 oz. homogenized milk 

h oz meat (2-2 oz, packaged steaks) 

hb OZe whole tomato 

li slices white bread 

2) pats of batter 

h og. fruit cup with syrup. 

2 meals plus alcohol or dextrose = approx. 2,000 cal. 
Water content is 75% by weight. 

Analysis for chemical composition: 


Sample diet mixed in waring blendor, then weighed 
aliquots digested in conc. HNO 


Na and K were determined in duplicate by tlame photometry. 


Cl was done in duplicate by the Volhard titration. 


Hach meal contains: 
Na 28.03 mEq. 
K 26.27 ngs 
CL 21.30 meq. 
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DETERMINATIONS AND CALCULATIONS 

A Barclay flame photometer was used for the deter- 
mination of sodium with Lithium as an internal standard. 
Serum Na analyses were done in duplicate at a dilution 
of 12250 (0.2 ml. to 50 ml.) and each unknown was triple 
bracketed (AXBXAXB). The standard error of the mean of 
six values is+0.7%. For urine sodium only a single 
dilution of appropriate strength was used and the un- 
known was double bracketed (AXBXA). The standard error 
of the mean of two values is+2.1%. 

Serum K determinations were also done on the Barclay 
flame photometer. A single dilution of serum of 1:50 
(1 ml. to 50 ml.) was used and the unknown was triple 
bracketed. The standard error of the mean of three 
values is+0.5%. The samples for urine determinations 
were performed in a single appropriate dilution and 
double bracketed. The standard error of the mean of 
two values is+1.0%. 

The chlorides were determined by titration with 
mercuric nitrate using s-diphenyl carbazone as an in- 
dicator; both serum and urine samples were acidified 
with HNO. (12). For the serum, titrations were done in 
triplicate and the standard error of the mean is +:0.3%. 
The serum was not deproteinated. The urine values were 
obtained in duplicate and the standard error of the 


mean is +0.5%. 
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The osmolarities for both serum and urine were 
done on a Fiske Osmometer, which is assumed to be 
accurate to within 2 milliosmoles when successive 
readings are taken until two consecutive readings 
agree within 1 mOsm. The osmolarities of the urine 
and the plasma are corrected for their alcohol content, 
the correction factor being 1 mOsm. for each millimol 
of ethanol. 

The weight changes of the subjects were followed 
on a balancing metric scale which has a mechanical 
advantage of 1:10 and a direct reading slide scale 
with a range of 3 Kge When the scale was tested in- 
itially by drinking known quantities of water it was 
found to be accurate to 10 grams. The subjects were 
balanced at the end of each measuring period as well 
as after each meal and bowel movement. 

The changes in the total body water are calculated 
from changes in total body weight using the formula of 
Elkinton and Danowski (13): 


AW>aWta(S,-S;) + (C+F+0.5)P) 


Since the caloric intake was identical in both the alco- 
hol and control sessions and intake occurred at fixed 
times the last item in the formula, a correction for 
metabolism, can be assumed to be constant. AW is the 
chenge in total body water, AWt is the change in weight, 


and Se and S; are the solids of excreta and ingesta 


respectively. 
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The changes in the extracellular compartment are cal- 
culated from the formula of Elkinton and Danowski (13); 


Bp= (By (CL) a Bea 7 (Cl) p, 


AB=Eo-E} 
Ey is the initial extracellular volume, and in this ex- 
periment it is assumed to be 25% of the total body weight. 
The term (Cl) 5 is derived from the observed value by 
dividing by a constant factor 0.888. The constant is 
derived from further formulas in Elkinton and Danowski (13). 
In these the only other constant assumed is the level of 
plasma proteins, 6.8 ¢%. The intracellular volume or 
changes are taken as the difference between the total 
body water and extracellular water. Any conclusions 
regarding the Cl space as a reliable indicator of the 
extracellular volume and its changes must be reached 
with the following limitations in mind. Although it is 
the most practicable method of measuring extracellular 
volume, its accuracy in following short term changes has 
not yet been proven. It may be misleading also since it 
would be influenced by pooling of Cl in the ene, such as 
might occur following the stimulation of the secretion 
ef HCL by ethanol. Eleetrolyte and fluid loss from vene- 
puncture was not taken into account since it is constant 
in both control and alcohol sessions. The measurement of 


water intake and urinary output has already been described. 
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The levels of ethanol in the blood were determined 
by the method of Lester and Greenberg (ll), the standard 
error of the mean for this method is+2.0%. 

In the following text whenever the term "significant 
difference" is used and followed by the term (p< X) it 
has the meaning: the difference hes been submitted to the 
"t test" for the significance of the difference between 
the means of two small correlated samples. The value 
following the "p" states that there is this probability 
of a difference of this magnitude occurring by chance. 
For most purposes a "p" value of less than 0.05 is the 
maximal acceptable level of statistical significance. 
When the term "significantly correlated" is used and 
followed by a "p" value it means that the curves have 
been submitted to the tetrachoric test of correlation 
and found to have significance with the same connotat- 
ions as in the previous test for difference; in this 
case the statement refers to the probability of the 
eurves being this similar by chance. 

The tables and graphs which follow contain the 


data from this experiment. 
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TABLE 1 - SERUM OSMOLARITIES (mOsm/ZL) 


Alcohol 
Observation 1 2 3 mn 5 6 (| 8 9 
Subject 


H 265) 292. 296 29% 291% 279 282 285 28h 
A 260 290 300 293 291 299 290 292 291 
W 298 299 296: 295 292 287 300 288 289 
K 282 295 295 288 289 282 281 283 289 
M 279 291 292 289 289 279 301 292 280 
Mean 285 293 296 291 290 285 291 288 287 
Control 
H Zen 205 285 282 281 280 285 285 285 
A 288 (287 280 282 262 28h 283 286 282 
W Ze) cok 261 280 279 280. 281 280 29) 
K 265.280 260 282 280 282 283 280 279 
M 288 283 282 282 286 286 28) 28 288 
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SERUM POTASSIUMS (mEq/L) 
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TABLE 5 - RATE OF URINARY OSMOLAR EXCRETION 


(mOsm/hr ) 
Alcohol 
Period aL z 3 by 5 6 
Subject 
A 62.3 50h ho.0 Bh O1e6 38.0 
W MOeO;, “26e5 \.2osk "2743. 22.8 36.0 
K Wee. Qhieis Gale) 2a 160) Bee 
M 86.9 “6.9 41.3 6.0 16.8 8.20 
Mean Sega Bowe. 29a) S26; 28.2 bo.9 
CONTROL 
H Biel) Sel BGs), (6385S (Ul vee) beet 
A Besa) 2oee. ele 2669" 2858 29.6 
W G2a@  2oe0 2852" 3547) 43.2 ‘ho.8 
K 28. Ae 2a. alee, Beek: 3680 
M 35. ten | W2e0, BUCO. 5.0. 66.8 
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TABLE 6 - RATE OF URINARY NA EXCRETION 


(mEq/hr 
Alcohol 
Period it 2 3 b 5 6 7 8 
Subject 
H tie5e  O,66 2.69 2565 3.60 7.85 21: 3.28 
A Beene NOSSO) 9625 fee9 5019 9.8 hse7S 1.87 
W Cet | 2ese (om "2283 2.33 3360 beO6 1.22 
K Ines, |) 2800 Bao Beil 3249. 3,58 480 2261 
M SMe ees ‘Mere Sets  Geeo lost2 Is.26 5.02 


CONTROL 
H Peek ced! eet 3623  beago ~Setey Ons. Tezh 
A eee Mos ls83 3.06 3.92 Sel? § 360° 2.79 
W ieee, Sees so0l 3699. 6660 3577 “Gs20 2653 
K lie@ eee i bet PBS GlSke “Ole. B79 
M Op60' Jsll6 6.61 5.96 12.76 16.55 22.68 »' 5.22 
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TABLE 7 - RATE OF URINARY K EXCRETION 


(mEq/hr ) 
Alcohol 
Period a 2 3 by 5 6 7 8 
Subject 
H Se eee ee bese i) ZO 226 cate 2.h2 
A Bace, 2e80) (2670 223 190° 2.88  Selk Ze 
W 2HOS! | Ted) hero. MeO. Lys beeS  TelG.. “272 
K Aaoy  Se30) ge tao Teoh) 5.20 Pell 2e06 
M Boee. 2532. dere Le62 m %o90 8600) - 253k 
Mean BEO2 M2200) WSS0... 262 2.02) hb. 8k 6.16 - - 25106 
CONTROL 
H Sues. | 2e00 (2622) \leOG e32 2.66 35327 206 
A Seay, Wee.) tee 2226). 1262) O.9h : 1s76. . 1668 
W 30 (0 1056 Zee siPergas 6.52 369 323k 2.16 
K Mote. Ooo), tee Ss 1 2e2k Deli. 3690)  de6O.. Ueek 
M UWe62 | \2506 ines Be20), sO bef2 6608 2.32 
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TABLE 8 - RATE OF URINARY CHLORIDE EXCRETION 


Alcohol 
Period all 
Subject 
H 2091 
A Tie 23 
W 4.97 
K 5.20 
M 2063 
Mean 9 oll 
CONTROL 
H Gey 
A 5.89 
W 17-43 
K 360 
M 8.51 


Mean Sa72 
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TABLE 9 - TOTAL URINARY ELECTROLYTE EXCRETION FOR 
ALCOHOL AND CONTROL PERIODS AND THEIR 
RATIOS TO THE PREVIOUS 2h-HOUR OUTPUT 


OSMOL. (mOsm) 


Mean 


Mean 


CHLORIDE (mEq) 


Mean 


CHLORIDE (mEq) 


Mean 


2l.-hour 


1199 
1080 


Exptl. 


fox 
830 
(Py 
60). 
L215 


832 
910 
O77 
910 


697 
1035 


8.6 


SOs 7 


Ratio 


83.87% 


83-10% 


6),..20% 


71.18% 


Period 


Alcohol 


Control 


Alcohol 


Control 
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Table 9 (Continued) 


Na (mEq) 


M 


Mean 


POTASSIUM (mEq) 


2h.-hour 


259206 
1966l7 
129.63 
83.69 
27 Geet 


189.2 


291. 1h 
253059 
206299 
95262 
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209627 


60. 68 
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93096 
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L2R 9 
226eh7 
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Ratio 


58.95% 
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80.73% 


Period 


Alcohol 


Control 
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TABLE 10 - RATE OF URINARY WATER OUTPUT 


(mL/min) 
Alcohol 
Period 1 2 3 h 5 6 a 8 
Subject 
H B18 Bele. 2.560 1296. 0451 0.82. 0.83 O.9h 
A lia) e287 O07 OL6CO Ooh 0.63 Ooh? Ohh 
W Bao 7 Ose> BeOl) 0692 OsiO. 0.603. 0.87 0.89 
K Peoo 08 Ose O73; O636 0665 0.70 O676 
M Baooun omg. Uae Wels Mel@ 3.67. 2.97 1408 


Seo ee ee 0 eee ee 


CONTROL 
H e590) O250 L606 O72 1207 2.57 1.37 0656 
A Oslisy i Och2 O639 2621, 0493 O663 0483 O56 
W Zee 00 1.6) 1633 06960 1650 1.23 1.06 
K ieo On Aoltlt» 1663 O.97 Le7? 1660 0.97 
M Oso) \Oses Us33 Le29 1ef0 3.80 3293 0298 


Alcohol 
Period 
Subject 


CONTROL 


H 
A 
W 
K 
M 


Mean 


Expressed as ml. gained or lost 


TABLE 


4380 
2355 
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4220 
1225 
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TOTAL BODY WATER CHANGES 


+ 50 
£95 


-275 
-280 
- 80 
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-120 
4130 
4200 
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4190 


-225 1165 
1295 +2 20 
=O. 2270 
-105 +360 

=265 .-200 


- 90 4105 


during each 


7 8 
-330 -l70 
2325 -355 
-105 -l.00 
470 -525 
=> =895 
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-175 -665 
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TABLE 12 - 
Alcohol 
Period al 2 
Subject 
H 230 - 35 
A - 75 -165 
W 4180 -395 
K -165 - 25 
M -175 -- 
Mean - ho -125 
CONTROL 
H “115 + 30 
A 41210 + 30 
W 4225 =355 
K - 25 - 90 
M 1h5 -290 
Mean +70 <-135 


Expressed 


1610 
4160 
4335 
22)5 
4305 


aon 


as mle gained or 


EXTRACELLULAR VOLUME CHANGES 


-- - 35 4260 
-185 14350 4175 
2110 250 -315 
-115 1130 +4510 
=G0n, 3190-430. 


- 50 4115 4130 


lost during each period. 
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TABLE 13 - INTRACELLULAR VOLUME CHANGES 


Alcohol 
Period 
Subject 


H 
A 
W 
K 
M 


Mean 


CONTROL 


H 
A 
W 
K 
M 


Mean 


Expressed as mle 


41195 
4145 
= i5 
42h5 
2160 


4210 


-160 
-105 
4235 
215 
4200 


032 


2360 
a 65 
4 20 
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11,30 


22110 


- 95 
-155 
21,85 
-150 
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TABLE ly - AD LIB WATER INTAKE 


Alcohol 
Period 3 
Subject 
H L770 
A 0) 
W 150 
K @) 
M 315 
Mean 125 
CONTROL 
H 155 
A 175 
W 220 
K @) 
M 285 
Mean 165 


Expressed as mle 
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120 
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TABLE 15 - SERUM ALCOHOL LEVELS 


Observation 2 3 Ly 5 6 i 
H HOT Sow OS. (Yee | 55 » 26.3 L6s6 
A O95 1 93eb) | SOeG, 55ed. 27-8 19.3 
W HOV eee Goce, + (ee SS. °. 2b sh 5.0 
K MOH Goce!  Sle2i S803)  i25ea Gish 
i Mien; Cln7 80.7 bist 22:8 19.3 
Mean Mees ONO, 79a 152. 25.7 12.5 


Expressed as mg. ethanol/100 ml. serum. 
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TABLE 5 
MEAN WATER BALANCE AS A FUNCTION OF WEIGHT 


WT=TOTAL BODY WEIGHT 
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RESULTS 
During the first three periods there is a significant 
difference between alcohol and control days in the serum 
levels of Na, Cl and osmolarity; these levels are higher 
en) the alcohol dey; (Nap ¢ 205, €l1 < .OL, and osmolarity 
p < .01). Figures 1, 2 and 3 show these data graphically 
pee the experimental period. After the first l-1/ hours 
there are m further significant differences in these 
levels. Since the extracellular volume is calculated 
directly from the levels of chloride in the serum there 
is, therefore, a significant drop (p < .01) in the absolute 
volume of the extracellular space on the alcohol day as 
compared with the control day. There is no correlation 
of the osmolarity with the individual measurerents of K 
nor does K correlate with Na or Cl on the alcohol day. 
Furthermore there are no significant differences between 
K levels in the serum on the alcohol and control days. 
There is a significant drop (p < .05) in the absolute 
amount of total body water on the alcohol day as compared 
to the control day, as may be seen from Figures | and lA. 
The fall of intracellular volume is not significantly 
greater on the alcohol day. There is a relative dehydration 
on the alcohol day of significant (p< .01) magnitude which 
persists until the end of the fifth period; this may be.seen 
graphically in Figure 5 where total body water is plotted 


as a function of body weight. After the fifth period there 
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is essentially no difference between the alcohol and 
control days although the dehydration caused by alcohol 
persists. This point coincides with the time, point 6 

in Figure lh, at which the absolute amount of total body 
water comes closest to regaining its losses. On both 

the alcohol and control days there is a similar decline 

of total body water over 2l1 hours so that by the end of 
the experimental session the total body water is at 
identical levels, tat 500 to 600 ml. lower than at the 
start. The subjects had two glasses of water the night 
before the experiment began; the result of this may have 
been to overhydrate the subjects by about 500 ml. There- 
fore the levels at the end of the experiment may more 
nearly approximate the subjects! normal levels of hy- 
dration. On the control day the total body water, plotted 
as a function of twdy weight, remains quite constant until 
the end of the seventh period. 

During the first two periods of the alcohol day there 
is a significantly greater (p < .01) output of urine. In 
the next period the subject falls below the level of the 
control day and remains significantly (p < .05) depressed 
for the rest of the day (see Figure 6). 

There is no significant difference in the total amount 
of ions excreted on the two days. Only in the case of K 
is there any significant difference, and this lies in the 


pattern of excretion. On the alcohol day there is a sig- 
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nificantly smaller amount (p < .02) of the day's total K 
excreted up to the end of period 5. At this point there 
is a reversal and during periods 6 and 7 there is a signif- 
icantly greater amount (p ¢ .02) of potassium excreted on 
the alcohol day (see Figure 7). For Na, Cl and osmolar 
clearance there is no difference between alcohol and con- 
trol days either as to total amount excreted or to the 
pattern of excretion. When the curves (Figures 8, 9, 10) 
for rates of excretion of each of these ions is compared 
for alcohol and control days their curves all prove to 
have a high degree of correlation (p < .01). 

During periods four through seven 50% to 90% more 
water was consumed on the alcohol day; the variability 
precludes any statistical significance to this difference. 

The blood alcohols are listed in Table 15, the 
pattern of the curve being quite similar for all indi- 
viduals. 

The insensible loss is the same for both alcohol and 
control dayse The vasodilatation caused by ethanol is 
apparently offset by depression of activity and metabolism. 
All the subjects slept after drinking the whisky, durir 


the period when the effects of the alcohol were maximal. 


DISCUSSLON 
This experiment confirms, not unexpectedly, the fact 
that alcohol is a diuretic. There is individual variation 


in the response to alcohol, both as regards the magnitude 
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of the diuresis as well as its duration. In two subjects 
the diuresis was finished by the end of the second period 
while for the other three it persisted into the third 
period. This effect is independent of the level of alcohol 
in the blood, since by the third period these levels were 
falling in all individuals. The difference in the response 
to alcohol may be due to differences in hydration, although 
comparing the volumes of the previous 2h-hour specimens 
with the subsequent volume of diuresis reveals no clear 
relationship. Although the inhibition of the release of 
ABH Ts supposed to occur only with rising levels of blood 
alcohol, in this experiment the diuresis persisted in 
three of the subjects with falling alcohol levels. This 
may be the result of a lag, in some individuals, in elab- 
orating ADH once the inhibitory effect of alcohol has waned. 
Both sodium and chloride levels in the serum increases 
significantly during the period of maximum diuresis of the 
alcohol day. It is ppobable that the increase in Cl might 
have been even greater if ethanol did not stimulate gastric 
secretion of HCl. These changes bear a very close relation- 
ship with each other, and with the decrease in the extra- 
eeliullar volume. Since there are no differences in the 
excretion of these ions between control and alcohol days 
an increased retention of Na and Cl cannot be implicated 
in this rise which is consistent with the fall in extra- 


cellular volume. On the alcohol day there is a marked 


i; ; 


Bofteq booses ott to Bae i we 1 soe : ‘ ail 


erew alevel seedt botkeg Helge ‘ett vd ‘ies A: ote 
eerttoqrer aft at soverott tb — cannes tte i 


artiemigegqa rvod-1S waves end ‘to sale’ aoa i 
tsefo of aleevet etecumib to onulov Seonpesdua odd aft . 
to easeler edd Yo molt kien: oft danoikLA “ sliienotta fe . 
Boeld to elevel Yotels Aetw ind doo oF ‘boadgarre ‘el a ur) 
ni bedatereq afeoutiib elt dnemiveqxe elit nt etortco.ta 
: uit? ,afevet Looofs satire? fd ko atoetdwe odd Yo eons 
| -defo at ~elsubiv that ance at ,geal’ ‘3 ‘to y idet edt od an 
| «begaw ead Lferlool{s to toeits ytod i tefer odd ‘eorto HOA ante i 
: goasetoni mittee odd dt elevel ebtito.tdo bas ms tboe atol i": 
j orig to aleesmih momizam to Saleem ee ootarb. ae 


; id, il 
m trigtm LO at saseaeni Odd tana sian! ‘at Fr” Be toa roe 2 af 


; | nomen ‘caitaalil 
a | agtidee orlt At ogsenseb oft ddiw Bas wwartte done $ 
od edit ai econoreitib or ote etedd conte sso 
Yi | 


-astine oi ihe sett sid. ten 
 Reninain 3 et eet yah ox ou ) 
ae me vir ia 

an vi rod re ie she 


a 


A? 


inerease in the serum osmolarity during the first three 
periods, far greater than can be accounted for by the 
concomitant rise of Na and Cl, although there is no re- 
tention of osmols on this daye The cause of this large 
change in osmolarity is not apparent from the data, but 
is probably caused by osmotically active organic mole- 
cules entering the sermmo. 

On the control day all of the electrolytes and the 
total osmolarity of the serum move in the same direction 
with changes of similar magnitude; the osmolarity changes 
are more obviously related to changes in the extracellular 
volume e 

On both control and alcohol days there is no re- 
lation between the levels of K in the serum and Na and Cl; 
this is not surprising since K is primarily an intra- 
cellular ion and its Levels would be little influenced 
by extracellular volume changes. 

As has been pointed out, the total body water, the 
extracellular and intracellular volumes all sustained Losses 
during the first three periods of the alcohol day. There- 
fore both of the body's water compartments share in the 
water loss of an alcohol diuresis. There are such great 
individual variations in the way a water loss is sustained 
that it is impossible to define a pattern of water loss 
from the compartments. There is, however, a suggestion 


of Hew this loss oceurs. If, for the first three periods 
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on the alcohol day the changes in the absolute mean volumes 
of each of the compartments are plotted as a function of 
the mean body weights there is, then, an indication that 
during the first period the bulk of the loss comes from 
the intracellular space (81.1%) and during the next two 
periods the water loss comes increasingly from the extra- 
cellular space so that during period 3 an average of 96.8% 
comes from this space. This type of progression seems 
reasonable since the body tends to maintain the extra- 
cellular space as long as there is excess intracellular 
water, but this cannot be considered to be proved by this 
experiment. 

During the recovery phase there is nothing to differ- 
entiate the control and alcohol days so far as the fluid 
compartments are concerned. By the end of the sixth 
period the extracellular volumes are at similar levels. 
The only difference is that on the alcohol day the extra- 
cellular volume expands at a greater rate than on the 
control day, but this is not significant. Apparently 
the normal tendency under these experimental conditions 
is for the extracellular volume to increase above the 
fasting levels during the day and then fall again at 
night (see Figures 4, HA and 5). It is probable that 
the curves would have been even more similar if the sub- 
jects had drunk as much water on the control day as they 


did on the alcohol day. On both control and alcohol days 
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there was a shift of water from the intracellular space 
to the extracellular space. Under these experimental 
conditions the intracellular volume normally decreases 
by osmotic loss of water. This was accentuated on the 
alcohol day since the dehydration was eventually com- 
pletely sustained by this compartment, tut the loss on 
this day was not significantly greater than on the con- 
trol day. If the subjects had drunk as much water on 
the control day this difference might have been signifi- 
cant. The increase in thirst on the alcohol day is most 
likely caused by the relatively greater intracellular 
dehydration occurring on this aaa 

It is very difficult to evaluate the changes which 
occur in the fluid spaces. It made no difference 
whether a subject gained or lost weight since the water 
was essentially handled in a random fashion. Any loss 
er gain might occur totally in one space or the other, 
and might be associated, as well, with a shift of water 
in either direction. All of the changes were well out- 
Side the experimental error. If there had been more 
subjects and the trends had remained the same, the 
changes might have attained statistical significance 
despite the variations. In the case of the water shift 
noted during the recovery period of the alcohol session 
two more subjects might have made the difference sig- 


nificant. This is not to say that this difference is 
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in any way abnormal, but mereiy that the water loss from 
an alcohol diuresis intensifies what appears to be a 
normal process in this situation. Thus the only changes 
in the fluid compartments are those which are associated 
with water loss. 

Alcohol increased the urinary volume during the first 
two periods; during the remainder of the day there was a 
Significant inhibition of water output. This is to be 
expected; whenever water is lost in excess of its intake, 
output would reflexly decrease to compensate for the 
loss. This combined with the increased water intake serves 
to compensate for the loss from the diuresis. 

Insofar as the urinary excretion of electrolytes is 
concerned there are no gross changes. In Table 9 are 
listed the absolute quantities of electrolyte excreted 
in the 24-hour semples and during the experimental sessions. 
If the quantity excreted on the experimental day is divided 
by the quantity excreted during the previous 24 hours the 
resulting percentage is practically identical for control 
and alcohol days for Na, K and osmolarity. The figures 
for Cl show a slightly greater difference of no signifi- 
cance. These data indicate that there is no difference 
in the absolute amount of electrolyte excreted under the 
effect of alcohol as compared with the control day. This 
type of comparison is valid since Rosenbaum (15) has 


shown that there is a close correlation between the ex- 
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eretion of electrolyte and its antecedent intake; the 
output of an electrolyte can be presumed to be an accur- 
ate reflection of the recent intake of that ion. 

The only difference involving the urinary excretion 
of electrolytes is an alteration in the pattern of K 
excretion on the alcohol day. During the first five 
periods of the alcohol day there is an inhibition of K 
excretion and then during the next two periods there is 
an outpouring of K with the net result that the same 
amount of K is excreted on both control and alcohol days. 
The K that was retained must have been stored within the 
cells since there is no increase in the serum levels of 
K during the period of retention (see Figures 7 and 11). 
The serum K rose during the sixth and seventh periods and 
probably reflects the movement of this ion out of the 
cells through the extracellular volume to be excreted in 
the urine. There is no ready reason for this change in 
pattern which is apparent from the data. It is possible 
that the acidification of the urine noted by Rubini et al 
(5) causes a decrease in the tubular excretion of K. 

Thus, except for the noted alteration in the pattern 
of K excretion, alcohol exerts no profound or abnormal 
effects upon the urinary excretion of Na, Cl, K and osmols. 

A brief word should be said about hangover. Of the 
five subjects three had severe headaches which lasted all 


day and the other two had general feelings of malaise 
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which they associated with hangover. There is nothing 
in the data from this experiment which would definitely 
serve to explain the phenomenon of hangover. There are 
two changes which persist into the period during which 
hangover became prominent. There was an intracellular 
K retention, but of such a small quantity that a rise 
of only 0.3-0.4. mEq/L would result. This change is 
within the normal variation of the intracellular K concen- 
tration. The other change is a relative dehydration on 
the alcohol day which persists at significant levels 
until the end of period 6 (Figure 5). The dehydration 
continues until the end of the experimental day, but the 
difference is no longer significant because of dehydration 
oeceurring at the end of the control day. ‘The contribution 
of the dehydration to hangover is questionable since the 
subjects were even more dehydrated on the following mrning 
and yet the headache and malaise had cleared in every 
instance. 

All of the subjects complained of thirst during period 
2 and yet when they were permitted ad lib water in period 3 
they were still sufficiently depressed that they drank 
less than on the control day (Table 14). Thus both diuresi 
and a decrease in the ability to react to thirst contribute 
to the dehydration. Although the extent of dehydration in 
alcoholics has never been quantitated, it may be of greater 
intensity than seen here, and may explain the alcoholic's 


susceptibility to shock and pneumonia. 
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Ethanol has toxic effects on the central nervous 
system. It is not improbable that hangover is a conse- 
quence of these effects and, furthermore, that these 
changes need not be reflected in alterations of water 


and electrolyte balance. 


SUMMARY AND OONCLUSIONS 

The present study was undertaken in an attempt to 
gain new information relating to the effect of ethyl 
alcohol on the water and electrolyte balance of the 
body, and to remedy the inadequacies of previous studies. 

Under carefully controlled conditions the effect of 
the ingestion of 2.5 ml. of whisky per kg. upon the water 
and electrolyte balance of five healthy adult subjects 
was studied. The duration of the experiment was 2h hours. 

The fact that aleohol is a diuretic is confirmed. 

The water lost during the diuresis comes from both of 
the body's water compartments in a random manner. With 
the contraction of the extracellular volume there is an 
associated rise in the plasma levels of Na, Cl and osmolar- 
ity. 

Alcohol causes an alteration in the pattern of K 
excretion without changing the amount excreted in 2 hours. 
During the first nine hours of the alcohol day there is 
an inhibition of K excretion followed during the next five 
hours by an outpouring of K far in excess of that on the 


control day. 
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Alcohol causes a rise of the serum osmolarity during 
the first three periods of the day far greater than would 
be expected from the decrease in the extracellular volume. 
No cause for this rise can be discerned within the limits 
of this experiment. 

Alcohol causes no other changes in the water and 
electrolyte balance of the body other than those which 
can be accounted for by water loss and dehydratione The 
dehydration is corrected by the normal mechanism of in- 
creased thirst and diminution of water output. Alcohol 
served only to intensify and accentuate the body's normal 


processes in this regard. 
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